
UlAL/klIl COpRocEssMG USING S Y M X  :AWCINITI OF CYCLOALm AS W SQLVENI. 

Yuan C. Fu. Kotaro Tanabe. kkoto Akiyoshi 
Department of Applied Chemistry. 
bbrroran Institute of Technology. 

Muroran. Japan 050. 

Keywords: Caprocessing. Coal. Model G~XIPOIIWIS. Syngas 

AllSlTlhlT 

faprocessing of coal or d e l  uapounds with petroleum solvents was conducted in the 
presence of catalysts using synsas(Hn+COI with steam in place of hydrogen. NiMo/AlnOs 
impregnated with potassium cahnate and NiMokil catalysts exhibited gmd activities for 
hydrogenation and desulfurization. High coal conversion wes obtained at a mild tempera- 
ture of 4009: for the coprocessing of coal with petroleum solvents using s m s  and steam. 
With the solvents containing n-psraffin and cycloalkane. it was obsaved that decalin un- 
derwent dehydrogenation and isomerization. and that the extent of hydmdesulfurization 
increased with the increase of trandcis ratio of the rewining decalin after the reac- 
tion. The presence of aromatic compounds with decalin in the solvent mixtures i d  
the coal conversion. suggesting that aromatic compounds could be acting as hydrogen 
shuttlgs to transfer hydmgen from decalin to coal. 

We have reparted previously' that coal and model cmpmmds could be hydroge~ted and 
desulfurized in the presence of petroleum solvents and catalyst under coprocessing 
conditions by using syngas with steam in place of hydrogen. Nickel molybdate on alumina 
support impregnated with potassium carbonate exhibited good activity with syngas and 
steam, presumably owing to the simultaneous water-gas shift reaction took place to form 
active hydrogen. We have continued our quest for catalysts that mav also be active in 
promoting mter-gas shift reaction as well as hydrotreating coal in the gngas system. 
It would be more economical2 if syngas could be used in place of expensive hydrogen in 
coal liquefaction or cmmcessing even at the initial stage of tm-stage processes. 

Another aspect of this investigation is to detmnine the m e n  donating ability 
of cycloalkanes as the solvent in coal/oil comocessing. It appears that decalin is 
dehydrogenated and that hydrogen transfer to coal or model crmpounds takes place under 
coprocessing conditions. The hydrogen donating ability of decalin is enhanced in the 
pr-ce of -tic caopods. 

mmAl 

The coprocessing reactions of coal and d e l  C0mpnmdS were conducted in a shaking 
2 5 d  microreactor with syngas (Hz:a!=l:ll or HZ at an initial pressure of 70 W d .  
The reactor was quickly heated up in a fluidizing sand bath and maintained at 4009: for 
45 minutes. and then rapidly quenched in a cold water bath. lhe catalysts used include a 
commercial NiMo/AlzO3 catalyst (Nippon Mining b.) containing 12.0% Wn and 2.8% NiO. a 
MgO supported NiYlo catalyst containing 12.0% b o 3  and 4.a NiO. For syngas NW, the NiMo 
/A1203 catalyst was imremated with 10% K2OJ3. 

Anthracene and benzothiophene were used as the d e l  compounds. and mixtures of 
n-paraffin. cycloalkane. and aromatic a#npound were used as petroleum solvents. lle ratio 
of solvent to model compounds was 5:l. For experiments wing syngas. 10 weight % of LO 
based on the total m t s  of the d e l  crmpo\m& and solvent (roughly equivalent ta H2:OJ 
:H20=1:1:0.5 in the gas phase) was added. In all runs the amount of ground catalyst 
pcnaks was alsu 10 weight %. 
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For coal runs. Illinois No.6 bituminous coal with an ultimdte analysis of C 78.3. 
H5.4.Nl.32. 011.12. S3.86 (mfbasis). 851110.9%andWamiancoalwithC67.5, H5.3. 
N 0.9. 0 15.3. ash 10.3 (mf basis) were used. 
The coal conversion was determined from tetrahymofuran insolubles. and the solubles were 
analyzed by a gar chrucatopraph using OV-1701 fused silica capillary column. 

The ratio of solvent to coal was 2.3:l .  

Comocessing Using Syngas. In general. the hydrogenation and hydmdesulfurization 
activities are somewhat lower with the use of syngas than with hydrogen. It is probably 
due to the lover partial pressure of L and the existence of other components such as L O .  
CO, and Con in the gas phase. Table 1 shows that the hydrogenation and hydrodesulfuri- 
zation activities with NiMo/Aln03 catalyst are somewhat reduced when the initial Hn 
pressure is reduced from 70 kg/mZ to 35 kg/cm2. Using syngas (without adding L O ) .  we 
observe some decrease of hydrodesulfurization activities even at the same Hz partial 
pressure of 35 kg/cm2. With syngas. it is postulated that CO may compete with L for 
active sites and be adsorbed on the catalyst surface. when L O  is added. the H20 vapor 
adsorbed on the surface may poison the catalyst. kefore. it is presnmbly important 
that. for coprocessing using mgas. a suitable catalyst is used and an adequate amount of 
HzO is added to promote the f m t i o n  of active hydrogen via water-gas shift reaction. As 
was observed previously', the extent of the isomerization of decalin increased with the 
extent of hydrogenation and hydrodesulfurization. Clarke et a13 also reported the 
occurence of isomerization to trans-decalin during extraction of coal using decalin as 
solvent. 

Uydrogen Donation by Decalin. In order to find out the cirmmtances at which the 
isomerization of decalin occurs. trans-decalin and cis-decalin alone were solely 
hydrotreated under H2 pressure at 400'1: in the presence of Nib!o/AlrO~ catalyst. The 
results in Table 2 show that 30.4% of cis-decalin and 7.7% of trans-decalin are 
isomerized. respectively. When the decalin containing both isomers at the trans/cis 
ratio of 1.6 was hydrotreated under the similar condition. the trans/cis ratio increased 
to 2.4. It is evident that decalin tends to isomerize from cis-fxm to trans-form under 
the hydroteating condition. However. in the presence of reactants (anthracene and 
benzothiophene) . the extent of isomerization of cis-decalin solvent increased to 47.8%. 
On the other band. only 7.6% of trans-decalin isanerized. indicating the difficulty for 
trans-decalin to isomerize to cis-form. I t  appears that both cis- and trans-decalin 
undergo dehydrogenation (to form tetralin) and hydrogen tranfer equally. but the tetralin 
formed probably forms trans-decalin preferentially as it is rehyctrogenated. In fact. an 
experiment hydrotreating tetralin yielded trans-decalin preferentially (Table 2) .  With 
decalin containing both isomers as the solvent. in the premce of reactants. the tlans 
/cis ratio after the reaction was also higher. 4.6 coolpared to 2.4 (see Tables 1 and 2 ) .  
Coprowssing experiments using syngas with cis- and trans-decalin solvents also showed 
that the isomerization to transform was favored. but the extent of isomerization was 
lower. 

NiYo/llgO Catalyst. In the quest for catalysts that may be active in the L-CO-LO 
system. a N i h M  catalyst was prepared and tested. The results in Table 3 show that 
NiMoM catalyst exhibits camparable activities with NiMo/AlnOs catalyst for copmcessing 
of d e l  misounds. In the m a s  system. the alkaline MgO lpar able to m t e  CO m v a -  
sion and no impreemtion with kc03 was necgsry. of various catalysts tested. including 
synthetic pyrite. ZnClz/Si&-Alz03, Fez03/W2-. cobalt molybdate. and nickel molybdate. 
N i h  catalysts with various characteristics of suworts w be the most interesting 8 p ~ a  

to explore. 

Coproeessing of C o a l  with Petrolelp Solvents. Table 4 shows the experimental 
results of coprocessing Illinois No.6 coal and Wandoan c m l  with petmleun solvents. At 
the Dild tewerature of 400'1:. NiMo/AlzOa catalyst -ted with K2a)l exhibited gmd 
activities with syngas. and high coal conversions obtained were comparable to those 
obtained with hydrogen. At temperatures greater than 425°C. because of loam L partial 
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pressures with syngas. the fragmments from themally decomposed coal tend to p o k i z e  to 
form char. The experimental runs using NibM cata lys t s  show t h a t  coal canvgsions 
were somewhat h e r  w i t h  either Hz or syngas. 

I t  was also observed t h a t  hydrogen donating properties of paraffin-cycloalkane 
solvent mixtures were enhanced by the  presence of cyc l ic  compounds containing benzene 
rings such as t e t r a l i n  and l-plethulnaphthalene. Even though l - m e t h v l ~ ~ l e n e  is not a 
hydrogen donor. its addition t o  the  dodecane-decalin mixture increased the coal conver- 
sion. equivalent t o  t h a t  obtained with t h e  addition of t e t r a l i n  (see Table 4). This 
suggests t h a t  aromatic compounds. i n  paraf f in-cyc loa lhe  solvents. m y  act as hy@m 
shuttlers to transfer hydmgen frun cycloalkane to coal. ' 
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Table 1 C o m i n g  of Me1 Caopounds with Petrolem Solvents 
(CataLvst:Nibb/AlzO~. Reaction tanp. :400"c. Time:45min) 

GaS H2 H2 syngas SmgastHZoD 
In i t ia l  pr-e ks/cm2 70 35 70 70 
Solventb mm mm m/nL D m L C  

Anthracene wnv. .% 89.4 65.3 
Benzothiophene am..% 100 80.0 
Decalin remind .% 76.2 66.5 

cis 13.7 15.5 
trans 62.5 51.0 
trans/cis ratio 4.6 3.3 

CO conv. .% 

D0:DOdecane. DL:Decalin 
a) Nilb/AlzOs imaegnated with K2CfJ3 

b) h m l  wt% of each component 
c) 101% cis-Decalin 

63.1 90.6 
71.6 52.6 
88.5 15.3 
62.5 47.0 
26.0 28.3 
2.4 0.6 

13.1 35.2 

Table 2 Coprocessing Using Decalin Isomers as Solvents 
(Init ial  Pressure:70 kg/cmZ.Tmprature:400"c. T h : 4 h i n )  

H2 SyngastHzO GaS 

Catalyst NiWAlzOs N*-b@h/A1203 
Solvent C-DL DO/c-DL t-DL nO/t-DL m/DL T nO/c-OL W/t-DL 

- A.B - A.B - - A.B A.B Model mmpound 

A conv..% 
B m..% 
EB formed.% 
D e c a l i n  m i n e d . %  

cis 
trans 
t m d c i s  ra t io  

co conv..% 

- 98.5 - 98.9 - - 90.6 83.0 
- 94.9 - 94.3 - - 52.6 46.5 

96.1' 94.7 98.9' 82.3 92.4 l l . O b  75.3 87.0 
65.1 46.9 7.7 7.8 21.4 2.8 41.0 6.4 
30.4 47.8 91.2 74.5 65.0 8.2 28.3 80.5 
0.46 1.0 11.8 9.6 2.4 2.9 0.6 12.5 

- 35.2 28.7 

- 69.3 - 62.8 - - 19.1 23.5 

~ 

c-DL:cis-Dedin. t-DL:trans-Dedin. D0:Dodecane. T:Tetralin 
A:Anthcene. BBenznthiopbene. EB:Et&lbenzene 
a)  Ibe remaider wnverted to tetralin. 
b) Decalin formed. Tetcalin remined is 84.2%. d the rermindg wnvmted to napbtblene. 
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Table 3 Coprocessing of Hodel Cimmumk on Nilb Catalysts 
(Solvent:n-DecanelMMin, Initial Ressure:70 kdd. 
Taup. :400X. Tioe:4fiPin) 

Anthracme mv., % 
Benzothicpbene unv. .% 
Ethylbenzene formed.% 
Re cmsuwtim.%b 
co m..% 
Decalin remaind.% 

cis 
trans 
tradcis ratio 

Tetralin mv.. % 
Naphthalene formed.* 

100 100 
100 100 
80.5 78.8 
7.0 5.1 

116.4 65.5 
27.2 24.5 
89.2 61.0 
3.3 2.5 
34.4 24.4 
6.8 3.8 

96.1 
93.9 
63.7 
0.3 
37.2 
92.5 
26.7 
65.8 
2.5 
12.2 
4.1 

99.2 
100 
88.3 
-0.5 
40.6 
96.3 
27.3 
69.0 
2.5 
19.0 
9.3 

a1 Impregnated with kc(h 

b) R.% of coal models 
c) Based on the initial amount of tetralin 

Table 4 Coplocessing of Coals with petrolem Solvents at 400'c 

GaS It srngas (& :m1: 1) 

catalyst. NiMonago Ni#o/Ak&' 

I '  

Solvent 
Coal masion.% 
H2 arnsumptim,wt% of maf coal 
co am..% 
Decalin remained.% 

cis 
tram: 
W c i s  ratio 

Tetralin m v .  .% 

DI/DL/r DOAJIB4 D/nvr 
89.0b 86.5b 89.9O 
3.9 4.5 5.5 

98.1 89.9 88.4 
33.7 29.8 33.7 
64.4 60.1 54.7 
1.9 2.0 1.6 
2.3 10.34 3.5 

DmYr 
76. 7c 
2.3 

96.6 
36.5 
60. I 
1.6 
0.3 

m/DL/r 
87.9b 
0.9 
7.3 
95.8 
33.3 
62.5 
1.9 
11.1 

m m  
85.5b 
0.9 
12.0 
94.3 
34.5 
59.8 
1.7 
7. 76 

DAJVI 
87.3' 
-1.3 
46.0 
85.3 
31.9 
53.4 
1.7 
17.1 

D M  
74.P 
-0.2 
28.5 
97.9 
36.9 
61.0 
1.7 
1.0 
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